Introduction
Royal jelly is the primary food that is secreted from the hypopharyngeal and mandibular glands of nurse bees, mainly between 5-15 days of their life (Lensky and Rakover, 1983; Knecht and Kaatz, 1990; Kubo et al., 1996) . It plays a major role in honeybee queen development as larvae are nonselectively fed for three days, but only the queen larvae are continually fed royal jelly throughout their lives (Schmitzova et al., 1998) .
The compositions of A. mellifera royal jelly were 65-70% moisture content, 12-17% crude proteins, 3-4% crude lipid, and 10-12% total sugar (Howe et al., 1985; Karaali et al., 1988; Palma, 1992) . The main part of the proteins was represented by major royal jelly proteins (Brouwers, 1982; Huang et al., 1989; Knecht and Kaatz, 1990 ).
The classification of major royal jelly proteins (MRJPs) of A. mellifera has been reported, based on the N-terminal sequences of purified proteins and cDNA sequences of a honey bee head cDNA library. Five families of MRJPs (MRJP1, MRJP2, MRJP3, MRJP4, and MRJP5) with molecular weights of 49-87 kDa were found (Schmitzova et al., 1998) . Based on SDS-PAGE analysis, an apparent molecular weight of MRJP1 and MRJP2 was 55 and 49 kDa, respectively. Nevertheless, MRJP3 and MRJP5 displayed size polymorphism with molecular weight ranges between 60-70 and 77-87 kDa, respectively. MRJP4 could not be identified at the protein level, neither by SDS-PAGE nor by column chromatography, but was available at the transcriptional level. MRJP1 was the most abundant protein (31%) followed by MRJP3 (26%), MRJP2 (16%), and MRJP5 (9%), respectively.
Recently, Simuth (2001) separated royal jelly of A. mellifera by ultracentrifugation and reported the existence of different forms of MRJP1. These included a monomer (55 kDa), oligomers (approximately 420 kDa), and water insoluble aggregates after interaction with fatty acids. The oligomeric form of MRJP1 showed self-assemble ability in water solutions.
Although royal jelly proteins of A. mellifera have been extensively studied and characterized, knowledge about MRJPs in other species (including A. cerana) is rather limited. Recently, Takenaka and Takenaka (1996) reported that cheminal compositions of A. mellifera and A. cerana royal jelly components (levels of proteins, 10-hydroxydecenoic acid, and glucose/fructose ratio) were different. An analysis of the water soluble proteins in royal jelly by electrophoresis revealed 21 protein bands in each species; fourteen protein bands were shared between the royal jelly of these bees. A highly aggregated protein was found in A. cerana but not in A. mellifera. Four (bands 6, 7, 12, and 16) of six major bands (bands 4, 6, 7, 12, 16, and 21) in the royal jelly of A. mellifera were more heavily stained than those of A. cerana. Additionally, two protein bands (bands 10 and 11 with the range of 42.7-66.2 kDa in size) were major and specific to A. mellifera royal jelly.
Currently, A. cerana is widely used for commercial beekeeping in Thailand, primarily due to its disease resistance against bee mites. Queen-rearing experiments supported the differences of A. mellifera and A. cerana royal jelly because A. cerana queens could not be sucessfully reared with A. mellifera royal jelly and vice versa (Pothichot and Wongsiri, 1993; Takenaka and Takenaka, 1996 
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Dialysed royal jelly was loaded onto a Q-Sepharose column (5 cm long and 2.5 cm in diameter). Fractionated proteins were eluted out using a Tris-HCl buffer containing a linear gredient of 0.0-0.3 M NaCl with a flow rate of 0.5 ml/min. Each protein peak was further purified using Sephadex G-200 (85 cm long and 2.5 cm in diameter column with V o and V t of 134 ml and 366 ml, respectively) with a flow rate of 0.2 ml/min. Aliquots of 2 ml eluent were collected. The molecular weight of the native proteins was compared with those of the standard protein markers (ferritin, 440 kDa; catalase, 233 kDa; bovine serum albumin, 68 kDa; ovalbumin, 43 kDa; chymotrypsinogen, 25 kDa). IEF were carried out in 5% polyacrylamide gels containing ampholytes with a gradient of pH 3-10 following the conditions recommended by the manufacturer (BioRad, Hercules, USA). The IEF gel was pre-run at 100 V for 15 min, followed by 200 V for 15 min and 450 V for 60 min after application of the samples.
SDS-PAGE, deglycosylation and isoelectric point analysis
N-terminal amino acid and internal peptide sequencing Each purified protein was resolved by 10% preparative SDS-PAGE and electroblotted onto a piece of PVDF membrane (Towbin et al., 1979) . The N-terminal amino acid sequences of the corresponding protein peaks A1 and B1 were analyzed using an automated amino acid sequencer (Department of Biological Sciences, National University of Singapore, Singapore and Department of Bioresources Science, Faculty of Agriculture, Kochi University, Japan).
Internal peptide sequencing was carried out for proteins A2 and C1. Each purified protein was evaporated and disssolved in 20 µl of 8 M urea and incubated at 37 
Results and Discussion
EST analysis The EST library that was established from the hypopharyngeal glands of A. cerana nurse bees showed 98% recombinant. The insert sizes were generally greater than 500 bp in length, based on colony PCR of 500 randomly picked positive clones. Sixty-six clones were unidirectionally sequenced. Forty-two recombinant clones (63.6%) were significantly homologous with MRJPs of A. mellifera (hereafter called AmMRJPs) The most abundant MRJP homologues were MRJP1 (50.0%) followed by MRJP2 (6.06%), MPJR3 (6.06%), and MPJR4 (1.52%), respectively (Table 1) . Nevertheless, MRJP5 was not found in this library.
A relatively high content of MRJPs1, 2 and 3 of A. cerana royal jelly (hereafter called AcMRJPs) at the transcriptional level was consistent with previously reported AmMRJPs at the protein level (Schmitzova et al., 1998) . Complete and partial sequences of AcMRJP 1 and AcMRJPs 2, 3, and 4 were first reported by this study.
AmMRJPs were previously characterized by cloning and sequencing of cDNAs that were established from the heads of A. mellifera carnica nurse bees. Two complete cDNAs, encoding for AmMRJP3 (RJP57-1) and AmMRJP4 (RJP57-2), were isolated and sequenced (Klaudiny et al., 1994) . Subsequently, complete sequences of highly expressed transcripts that encoded AmMRJP1 Schmitzova et al., 1998) and AmMRJP2 (Bilkova et al., 1999) were recently characterized and expressed in vitro.
The complete nucleotide sequence of AcMRJP1 was deduced from pCUAC322 (accession number 17086885), pCUAC147 (17086860), and pCUAC171 (17086866), which resulted in an ORF of 1299 nucleotides encoding 433 amino acids (Fig. 1) . AcMRJP1 showed high homology to its homologue from A. mellifera at both the nucleotide (93%) and protein (90%) levels. The putative AcMRJP1 contained 44.57% hydrophobic, 27.94% neutral, and 27.48% hydrophilic amino acid residues, respectively. The essential amino acid content was 48.28%, which is as high as that previously reported in AmMRJP1 (48%) (Schmitzova et al., 1998) . The estimated pI value of AcMRJP1 was 5.5. Three potential N-linked glycosylation sites were found at nucleotides 124-132, 472-480, and 571-579. These are identical to those in AmMRJP1 (Klaudiny et al., 1994) .
Sequence divergence between different families of AmMRJPs and AcMRJP1 were estimated using a Kimura's two-parameter model (Kimura, 1980) . The lowest protein sequence divergence was 0.102 (AmMRJP1-AcMRJP1), whereas the highest divergence was 0.634 (AmMRJP3-AmMRJP4). A bootstrapped parsimony tree indicated monophyletic-clading between the same protein family (AmMRJP1-AcMRJP1) of different species rather than between different AmMRJPs families (Fig. 2) .
One α-glucosidase and two glucose oxidase ESTs were found in the hypopharyngeal gland library of $FHUDQDQXUVH EHHV ,Q FRQWUDVW 2KDVKL HW DO (1997 and *Accession numbers 17086850-17086911 complete cDNA coding for α-glucosidase (accession number D79208) and glucose oxidDVH$%LQ$PHOOLIHUD It showed that both α-glucosidase and glucose oxidase were specifically expressed in the hypopharyngeal gland of forager bees, but not in nurse bees. Using homologous α-glucosidase primers, we found no expression of α-glucosLGDVH LQ WKH HPHUJHG $ FHUDQD EHHV EXW PRGHUDWH DQG KLJK H[SUHVVLRQ OHYHOV ZHUH REVHUYHG LQ $ FHUDQD nurse and forager bees, respectively (data not shown). This suggested an early expression of α-glucosidase in $FHUDQD Two full-length transcripts of apisimin (accession numbers 17086895 and 17086897), a serine-valine-rich peptide, were also isolated (Fig. 3) . This acidic peptide was recently purified and characterized in royal jelly of A. mellifera. It was also proposed that it might play important physiological roles in honeybee colonies because of the relative high expression level of apisimin throughout the whole life span of the honeybees (Bilikova et. al., 2002) . The ORF of A. cerana apisimin was 234 bp in length, encoding 78 amino acid residues, as in A. mellifera. The deduced amino acid sequence possessed K-T-S-I-S-I-K, which was nearly identical to K-T-S-I-S-V-K that was found from the N-terminal sequencing of natural apisimin that was purified from royal jelly of A. mellifera. Like A. mellifera apisimin, Cys, Met, Pro, Arg, His, Tyr, and Trp residues were not found in that of A. cerana. The sequence showed a 92.7% and 94.9% similarity with the nucleotide and amino acid sequences of A. mellifera apisimin, respectively.
A single transcript of COII, NADH 4L, and 16S rDNA from mitochondrial genome was also found. Thirteen clones (19.70%) showed no significant homology to genes that were Isolation and purification of AcMRJPs AmMRJPs were successfully purified by DEAE ion-exchanged chromatography (Tomoda et al., 1977; Schmizova et al., 1998) . However, only two protein peaks of AcMRJPs with an equal denatured molecular weight of 50 kDa were obtained when that approach was used.
Using Q-sepharose chromatography, three protein peaks (A, B1, and C1) were eluted at 0.075 M, 0.175 M, and 0.25 M NaCl, respectively (Fig. 4A ). An SDS-PAGE analysis illustrated two proteins bands (55 kDa and 80 kDa) for the peak A protein, whereas only a 50 kDa band was found in the B1 and C1 peaks (Fig. 4B) . Further purification of these proteins using Sephadex G-200 revealed that only the peak A protein could be further separated to subpeaks A1 (115 kDa and 80 kDa for native and denatured forms, respectively; fraction number 109) and A2 (55 kDa for both forms; fraction number 123), while a single peak of B1 (50 kDa for both forms; fraction number 125) and C1 (300 kDa and 50 kDa for multimeric and monomeric forms, respectively; fraction number 77) were obtained (Fig. 5) .
N-terminal and internal peptide sequencing were used to clarify the proteins that were purified from the royal jelly of A. cerana. The B1 proteins contained S-I-L-R-G-E-S-L-D-K, which was nearly identical to S(N)-I-L-R-G-E-S-L-N-K that was deduced from AmMRJP1 (Schmitzova et al., 1998) , while internal sequencing of the C1 protein showed a high homology with the deduced amino acid sequence of AmMRJP1 ( Table 2) . As a result, the B1 and C1 proteins were clarified as monomeric (50 kDa) and oligomeric (300 kDa) forms of AcMRJP1, respectively. Simuth (2001) isolated AmMRJP1 using ultracentrifugation and size exclusion chromatography and reported the native and denatured forms of 420 kDa and 55 kDa, repectively. A comparison of the deduced amino acids of MRJP1 of these species should have exhibited an identical molecular size accordingly. As a result, the size differences between AcMRJP1 and AmMRJP1 should have resulted from either subunit polymorphism between different bee species or different oligosaccharide chains at the glycosylated sites.
The N-termanal amino acid sequence of A1 was (G/A)-A-V-N-H-Q-R-K-S-A, which was slightly different from RJP571 (AmMRJP3) at the first position (Klaudiny et al., 1994) . This may have resulted from polymorphism between the subunits of oligomeric AcMRJP3 because of substitutional mutations at the 2nd position from the C to G changes, alanine (A) to glycine (G). Internal peptide sequences of protein A2 revealed that these purified proteins were a homologue of AmMRJP2. The post-translation modification was also found in AcMRJPs. Each purified protein in this study showed different isoelectric points. While the A1 (AcMRJP3) and A2 (AcMRJP2) proteins were basic proteins with isoelectric points of 8.3 and 7.0-8.0, the B1 (AcMRJP1) and C1 (AcMRJP1) proteins were acidic proteins that had isoelectric points of 5.2-5.7 and 5.7, respectively. Hanes and Simuth (1992) partially characterized a 57 kDa protein (AmMRJP1) and indicated that this protein exhibited isoelectric points of pH 4.5-5.0. Moreover, Bilikova et al. (1999) purified AmMRJP2 and illustrated that the single protein band on SDS-PAGE was composed of at least 8 different isoelectricfocusing variants of pH 7.5 to 8.5. All of the purified products in this study were glycoproteins that were revealed by positive staining with PAS. Digestion with PNGaseF shifted the mobility of these proteins (A1, A2, B1, and C1), which suggests the availability of N-linked oligosaccharides in those proteins (Fig. 6) 
